
is used [5]. The improvement is achieved adding another prediction obtained from the
second previous de-interlaced fields; the improved coding scheme will consists of the
followin~1 coding modes: intra-field, and motion compensated inter-field modes obtained
from the two previous de-interlaced fields. The second inter-field mode requires a second
frame mHmory both in the encoder and decoder.

If the second inter-field prediction is not added, the coding efficiency is significantly
reduced; the advantage of i!je-interlaced pictures over the interlaced ones is present only
at very low bit-rates, less tran 0.1-0.2 bit/pel depending on the sequence. This is caused
by the de-interlacing process which introduces interpolated samples in alternated
::>ositions of adjacent fields This is surmounted if two previous de-interlaced fields are
.Jsed for the prediction.

n conclusion, the de-interlaced pictures can be coded with the improved coding scheme,
:md at low bit-rates, with the same amount of bit of the interlaced ones, even though they
,ave a double number of samples. If confirmed by future results, this feature indicates
hat it is possible in an intermediate time, to produce and process interlaced TV signal in

,he video studios and to encode and broadcast progressive TV to the user. A professional
de-interlacer would be placed at the encoder side and would allow a high quality de
interlacin;J process. The bandwidth of de-interlaced pictures is double, therefore it
presents with respect to interlaced pictures, the same coding noise advantages indicated
clbove for progressive pictums. Moreover, the de-interlaced process does not increase the
~. ource noise which will be 'he same on interlaced and de-interlaced picture. Therefore,
t1e reduction of coding perfcrmance caused by the noise is the same with both formats,

~ • CONCLUSIONS

F'rogressive formats provid!,~ higher picture quality, avoiding the artefacts typical of
interlaced signals and facilitates the picture processing, i.e. filtering, down and
conversio,1, etc. Moreover, multilevel coding systems take advantages in terms of
c::>mplexitlf and quality at all them resolution levels using progressive formats.

l nfortunately, a severe limitation in the performance of tube and CCO camerqS is caused
adopting the progressive formats, but this drawback could be important only fpr the HOTV
C3meras.

,ot low bit-~ates, useful to deliVer the signal to the user's home, the coding efficiency using
p'ogressive format sequencfls obtained by a progressive camera with the same vertical
rHsolution as an interlaced :;amera is about twice that of interlaced sequences. This
IT eans thelt the same channEll could provide the user with an interlaced or a progressive
p cture affected by the same coding noise. The effects on the coding efficiency of the
d fferent noise performance of interlaced scanning camera and progressive scanning
camera have not been consicered.

On the other hand, the progressive picture presents a higher picture quality, due to the
lalck of IinE~-twitter and line-crawling artefacts, and facilitates the receiver processing, as
tEmporal or spatial up-conversion, slow motion, etc. Moreover, if the progressive and
interlaced pictures are displayed on the same monitor via up or down conversion,
pi ogressivl9 picture has objective and subjective SNR advantages because of its double
bClndwidth.

Pleliminary results indicate ttlat also the de-interlaced pictures can be coded, at low bit
rates, with the same amounl of bits of the interlaced ones. If furtherly confirmed, it is
pc Issible, in the interim period, to produce and process interlaced pictures in the video
5t Jdios and then to convert t1em, and to encode and broadcast progressive pictures. A



professional de-interlacer would be placed at the encoder side and would allow a high
quality de-interlacing proces s.
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FURTHER RESUL rs ON THE COMPARISON OF CODING EFFICIENCY

BETWEEN PROGRESSIVE AND INTERLACED FORMATS

Introduction
!::>rogressive format is considEred superior to the interlaced format as picture quality and more
l:onvenient for signal procesEing. Doc. SRG-068 reports some preliminary results, based on
lhe seque~nce "Renata", conc,:rning the comparison of the coding efficiency between the two
:ormats. These results demmstrate that the coding efficiency is higher for the progressive
I)icture, vl:rtically filtered in or jer to present the same vertical resolution of the interlaced one.
lv1oreover, at the low bit-rates as required for secondary distribution, the coding efficiency for
1he progrE~ssive format is about twice that for the interlaced one. This allows the transmission
I)f a pro~lressive picture witl the same channel capacity as for the transmission of an
interlaced picture.
This document extends the stUdy of the previous one, providing results based on other
:;equences and introducing tt- ~ weighting matrix.

V1ethodology
~rhree prcgressive sequences have been used: "Renata", "Street dance", "Flags waving". The

'irst has been shot in the RA - Research Centre and has been considered in the doc. SRG
1)68; the other two sequences have been kindly provided by the NTL - UK.
'rhe progressive sequences have been vertically filtered to simulate the vertical response of an
nterlaced camera, They are named "progressive filtered". The interlaced sequences, used as
'eference, have been obtained by tempo-vertical down-sampling of the progressive filtered
;equences. Consequently, the vertical resolution of the progressive filtered and interlaced
;equences is the same.
rhe samH hybrid-OCT codin~l system with the intra / MC inter coding modes has been used
'or progre:ssive filtered and in'terlaced sequences; the MC inter mode in the interlaced system
ncludes both motion compensated interframe and interfield modes. Two different quantization
)f the OCT coefficients have been considered. A fixed linear quantizer without any weighting
~haracteristics have been adopted, as in the above quoted document. Moreover, in order to
est more realistic working cO'ldition, a fixed quantizer with weighting characteristics has been
Jsed. Thl~ weighting matrix hr the interlaced picture is that reported in CCIR Rec. 723; the



ole used for the progressive filtered picture is obtained by the previous one by means of
theoretical consideration and it has not been optimised.
The codin9 efficiency is considered on Distortion versus Rate curves in the same conditions
illustrated in the doc. SRG-06B: entropy value as measure of the rate, non-weighted Nrms/Spp
e<pressed in dB as measure 0" the distortion.

Results
T he Distortion vs. Rate curves for the luminance component of the "progressive filtered" and
"i lterlaced" pictures are depict 3d in the figures 1 without weighting matrix, and in the figures 2
\,o\,ith weighting matrix.
Ir the figures, the entropy valle of the "progressive filtered" sequences has been doubled to
c msider the double numbel of samples. So, the depicted curves can be compared
inmediately.
The "progressive filtered" pic ture required about the same _transmission capacity of the
"i lterlaced" picture at about O.b biUpel or less for the luminance component.
Vlith the weighting matrix this lalue results slightly decreased, probably because of the lack of
o Jtimisation of the matrix usee for the progressive signal. Nevertheless, in this case also the
p 'ogressiv!~ signal is worth cor sideration.

Conclusion
The results shown in the prev ous section confirm those reported in the doc: SRG-068. The
p 'ogressivE~ pictures, obtained by a progressive scanning camera with the same vertical
re~solution of an interlaced scanning camera can be coded with about the same amount of bits
a1d the same distortion (SNF') required by the interlaced picture in the range of bit-rates
u ;eful for the secondary distribution. If both progressive and interlaced pictures are displayed
01 the same monitor using lp-down conversion, a SNR gain of 3 dB in favour of the
p 'ogressivE~ picture will be obtcdned. Nevertheless, this gain could be partially concealed if the
d ~coded picture presents artef3cts and not only white noise.
FJrther comparisons of the I. ;oding efficiency of the deinterlaced signal with the original
irterlaced are planned. If the c)ding performance of the deinterlaced signal is close to that of
tr e "progrE'ssive filtered" signal, it could be possible to use an interlaced picture in the video
S' udio and to transmit a progr3ssive picture obtained inserting a professional deinterlacer in
fr :mt of the codec.
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without weighting matrix. The entropy value of the "progressive filtered" sequences has
been doubled.
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JESIGN AND IMPLEMENTATION OF A 3-CCD, STATE OF THE ART,
750-ILINE HDTV PROGRESSIVE SCAN BROADCAST CAMERA

S. M. Spitler, J. Toker· Polaroid Corp, Cambridge MA

A. Moelands, P. C'mten, J. van Rooy - Broadcast Television Systems,
Breda, The Netherlands

e J. Gerovac - MIT, Cambridge MA

ABSTRACT

This p~per describ<~s an HDTV camera system implement
ing the 1280 x 720 image format supporting the 750160/1: I
produc ion standard. An interlaced HDTV (amera has been
adapte d to meet the proposed US HDT" progressive
standrol A new l" video format, 16:9 aspect ratio progres
sive scan, frame-transfer (Ff) CCD sens Jr with square
pixels ",as designed, and sensor incorporaton and camera
adaptations were implemented. The new sensor is described
and the impact of the 750-line standard is liscussed. The
first pr )totype of Ibis camera will be dem mstrated at the
1996 NAB show.

INTRODUCTION

The C( n image sensor was introduced into broadcast cam
eras ar mnd 1986. In 1992 the first HOT'! CCD camera
system to meet the proposed (European) El fREKA HDTV
standro j was introduced [I). This LDK 9000 :amera system,
designl d by Broadcast Television Systems BTS), is based
on a I" frame-tramJer sensor that was devehped to support
the 12~ 0/50/2: I interlaced European standard as well as the
new A nerican 1920 x 1080 format 1125/6il/2: I interlaced
produc .ion standard. This camera has been "sed for the pro
ductior of test material by the Advanced "elevision Test
Center.

The Ac visory Committee for Advanced Tekvision Services
(ACATS) recently released its proposal for" new U. S. tele
vision ,tandard commonly referred to as HDTV [21. The
development of a progressive scan format for HDTV has
been d iven by concerns such as compatibtlity with com
puter systems, ease of compression, freedom from flicker
(especi lIly with graphics), and better temporal resolution.
As dis( ussed in thl~ ACATS process, the interoperable and
extensi ble HDTV ,ystem can serve not onll entertainment
and tel ~vision, but can also offer economic and qualitative
benefit; to education, health care and humal. services. com
mercia enterprise, and the information infnistructure.

Severa factors were considered critical to lchieving inter
operab lity DI, One: of these factors is the us ~ of progressive

scan square pixel image formats in capture, transmission,
and display. Thereby, the television equipment can be ex
tended to and stimulated by applications in computer
communications, high quality imaging, synthetic imaging,
animation, motion pictures, and so forth. The information
infrastructure needs an image architecture that eases ex
change between industries and applications.

Significant technical hurdles have acted as barriers to de
ploying a progressive scan HDTV system. Nonetheless, the
Grand Alliance did incorporate progressive scan among
their formats. Most experts agree that a progressive scan
system is ultimately desirable and certainly inevitable in the
proposed lifetime of HDTV, though the time frame is
debated.

The major technical hurdle has been the difficulty in pro
ducing a progressive scan camera of comparable sensitivity
and specifications to a studio quality interlace scan camera.
Existing commercial and prototype cameras have been
inadequate. Indeed, the existence of adequate component
technology has been in doubt. Herein laid the motivation
for our research and development efforts.

Through a cooperative effort between the Polaroid Image
Sensor Technology Division and BTS the LDK 9000
HDTV CCD Camera system was recently adapted for the
progressive 1280 x 720 standard (750/60/1:1). A new
frame-transfer sensor meeting this standard was developed
at Polaroid to be optically, electronically, and mechanically
compatible with the previous interlaced sensor, although
differing in image format and timing. The main adaptations
of the camera system performed by BTS included the fol
lowing elements:

.., Camera/sensor pulse generator

- Camera Processing Unit pulse generation

. Vertical contour delay

. 7 inch view finder

Apart from the above-mentioned functions, minor adapta
tions were made in several areas to meet the timing specifi
cation and to optimize sensor performance.



2/8

isive)

The 750-line 1280 x 720 format progressive scan standard
provides a good, practical solution to the problems of inter
lacing while obtaining excellent compatibility with inter
laced HDTV [41. The key characteristics of this standard are
given in Table 1 [SI.

Several features of this standard greatly add to its
practicality. Firstly, the picture format uses exactly 2/3's
the horizontal and vertical pixel counts of the interlaced
standard for ease in resampling. Next, the field and pixel
frequencies are identical allowing the use of the same pro
duction equipment. In addition the line time is 3/4's that of
interlaced potentially easing analog delay designs. Finally,
adequate horizontal and vertical retrace intervals are
allowed.

, (1650 samples)
, (1280 samples)
:370 sample!)

-
Pal 'aJDeter Value-,

~lectRatio 16:9
Intl:r1ace 1:1 (progre

f---
Fie d frequency 60Hz

.__._-,..

TOlal number of lines 750
'--

Nunber of active lines 720

Lin e frequency 45,000 Hz
TOlalline time 22.222 Jlse
- ._._..._-
AClive line time 17.239 Jlse

I- "-
Ho izontal blanking 4.983 Jlsec

,Sal lple freque_nc:x_ 74.25 MHl
SYI c pulse Tri-level

T~ ble 1. Main characteristics of the 750/6( 11:1 1280 x 720
production standard

PROPOSED l2nO X 720 PROGRESSIVE TELEVISION
STANDARD

Interl ace scanning has proven to be an effi,;ient way of sam
pling pictures. The flicker perception ( f the human eye
dem~;nds a refre~,h rate of the CRT of at east 50 times per
secm d to prevent large area flicker. In 01 der to save band
widtl, it was decided to refresh alternatel) the odd lines and
even lines, thus doubling the vertical resc i!ution for a given
signal bandwidth. This means that for a given signal band,
widtl the number of pixels in an interlac, standard will be
twice the number of pixels in a progressive system, resulting
in a tetter static resolution.

But interlace sc<tnning also shows some well-known arti
facts. especially ',\Iith moving pictures:

,I is impossible to combine two fields !O one picture for
IT oving objects, as each field comes from a different
IT oment in time. This is a major drav- back for creating
sl ill pictures (rom a moving scene, an< for video to film
tr lOSfer.

• 1 "hile, with proper filtering, the fraJ ne can be nearly
fr ee of aliasing, each field may contai; I aliasing since it
h lS only half of the samples in the ertical direction.
T le human eye has to integrate out allasing effects per
fi eld, to see tlle full frame resolution oj the picture. This
n suits in sm~LlI area flickering at field rate. The cancel
li ng of aliasing between fields only holds for still
p ctures.

. I~ven at slow vertical movement of me line per field
v ~rtical aliasing is dramatically increa,.ed. This is espe
c: ally visible on slowly moving almo I horizontal lines
II the picture

With the move to digital television, the p.,rformance of the
comI ression sys:em becomes critical. C Impression of in
terla( ed signals is more complex and performs worse than
comI ression of progressive scanned sign:ls, where tile en
tire ii nage is sampled at the same time

CCDSENSOR
The ceo sensor was designed specifically for progressive
scan high definition video applications. Witll square pixels,
an active array of 1280 x 720 pixels (1296 x 730 total pix
els), a 16 mm diagonal for use with I" format lenses, and
witll 60 frames/second operating speed, this sensor is ideal
for tile proposed 750/60/1: 1 progressive-scan HOTV stan
dard (Table 2). The frame-transfer architecture used pro
vides high sensitivity, high fill-factor, no lag, and no smear
when used with a mechanical shutter wheel as in the LOK
9000. The imager (shown in Figure I) consists of the im
aging array with both active and dark reference pixels, a full
resolution storage section, a dual-channel horizontal regis
ter, and two output buffers.

The imaging pixel (Figure 2) is a 3-phase buried channel

Parameter Value

CCD-type FT
Optical format 1 inch
Image diagonal 16mm
Image area width 14.00 mm
Image area height 7.88 mm
Number of lines 730
Pixels/line 1296
Pixel width 10.8 Jlm
Pixel height 10.8 Jlm
Chip width 15.29 mm
Chip height 15.25 mm
Chip area 233 sq. mm
Output registers 2
Pixel output rate 74.25 MHz
Frequency H-clocks 37.125 MHz
Swing H-clock 5V
Frequency V-clocks 2.475 MHz
Swing V-clock IOV

Table 2. CCO characteristics



1/8

.>:. ::<:<:<:.:.:.:.... ::{:<:<:<:<;<: :{:':>:::<i-::;{:< :::{:{:<:<: :,:::. :.: ;.; :.; ;.: :~.••.•.

":.:",":.:':.:":.:.: .. " ":.::":-,:,,:: : :::::..:: : :.:<:..::.::.:: .: .. :.....•....:.:

Figure 2. Imaging pixel top view (left) and cross-section (right).
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device with integrated vertical anti-blooming protection. It
is 10.8 x 10.8 microns square. The devic( is fonned with
three p )Iysilicon layers, one for each phase with large open
areas (>33% of pixel) for enhanced blue light sensitivity.
The V( rtical N-type buried channels are separated by P+
chann" stops. The P-Well doping is modulated to fonn a
weak spot in the center of the channel that lCtS as the anti
bloomng barrier, which turns on when the pixel fills up to
drain (xcess photocurrent down into the Lghtly N- doped
epi la) er. The storage pixel is configuH d similarly, al
thougt it uses wider poly gates for greate' charge storage
densit I. Thus the storage pixel could b made smaller
(9.0xl ).8 microns).

Since his sensor was designed to be comoatible with the
alread:' existing camera, the process was C,i refully adjusted
to give proper operation at the supplied cloc" voltages. This
was cc mplicated by the large number of fLnctions that the
pixel I1ust implement: light absorption, charge collection,
vertic8rl overflow drain, charge transport, nd charge reset
(frame clear) for exposure control.

High 'ertical transport shift frequency (2.75 MHz) is re
quired to move the charge from image tc storage section
durin!! the brief optical blanking period lrovided by the
shuttel wheel. TIus frequency is by nece~ sity higher than
that wed in the interlaced design becaus( there are more
lines tl) move (730/frame versus 589/field) Two-level alu
minun I wiring was used to shunt the polys licon gate resis
tance: resulting in less than I ohm eqJivalent series
resistarlce This allows the roughly 6 nf clpacitive load to
be dri len at the r,equired speed. Narrowl1uminum straps
conne, :ting the poly gates run over the challnel stops in the
imagil,g section S') that they have minima, impact on light

.:.:.,.:.:.:.:.;,:,:.;-:.;-:.: :.:-;,;-:.:.,:-:.;.:.:.;:,;.:-:.;.:,:.;:.:,:,:,:,;.:.:.:-;';.;.:';.:-:-:': :,:.;.;.;.;:,:-:-:.:,;,;.;,;-:
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Figure 3. Double-level metal clock interconnect

sensitivity. Care was taken in their design to ensure that no
fixed pattern artifact such as stripes was introduced by the
straps. These are connected by busses on the second alu
minum layer running across the storage section as shown in
Figure 3. These busses are tied to package leads at each end
to further lower series resistance.

During readout the charge is shifted one line at a time from
the storage section into the horizontal registers. These
charge packets are split up into the two registers on an even
odd column basis, using just a single transfer gate. The two
registers operate in parallel at one-half the pixel frequency
(37.125 MHz). The charge is transported along the 4-phase
buried channel register to the matching sense nodes. The
camera provides 4 phase clocking with 4-5 volt amplitudes,
which posed a greater challenge in this design because the
square pixels are wider and hence the horizontal gate length
is greater reducing the fringing fields which assist charge
movement. Extensive simulation was perfonned to ensure
that excellent horizontal charge transfer would be achieved
even at high clock frequencies.
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Table 3. CCO PerfonnanCt

Paruneter Value

Sen.iitivity (at sense node) 14 uv/e-
-

Am )lifier gain 0.4
Noi .e after OLP in 30 MHz 33 e-
Ban dwidth output 150MH,

Qu~ ntum efficiellcy (peak) 26%
Sen ,itivity with :BG40 2150 eon

Ove rexposure 100.000
Full' well capacity 4OKe-
Oyr amic range 62 db
San .pIing frequency vertical 92.6 line
San .pIing frequency horiz. 92.6 line
Image lag none

>---
Smear (incl. carrera) none
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maximum frequency of the optical signal must be below
half the sampling frequency - will be violated. This will
cause Moire. or aliasing. patterns. which will create low
frequency patterns the eye is very sensitive to.

The frame-transfer image cell has a large aperture and there
fore has intrinsically good horizontal and vertical aliasing
behavior for higher spatial frequencies (greater than the
Nyquist frequency). An optical low-pass filter helps to re
duce aliasing further. especially at lower frequencies. by
introducing dips (or notches) in the MlF. These dips must
be at the vertical sampling frequency (92.6 line-pairs/mm)
and at the horizontal sampling frequency (74.25 MHz. or
92.6 l-p/mm) for maximum effect (Figure 5). The need for
a vertical anti-alias filter is unique to this progressive scan
CalDera. since interlaced ceo sensors typically have con
siderable overlap in the even and odd scanning apertures
that performs a similar function at the cost of vertical
resolution.

o
(I 50 100

Frequency (MHz)

Figure S. Shown are the MTF of the CalDera-head and the residual
aliasing due to folds at the pixel sample frequency of 74.25 MHz

OPTO·MECHANICAL DESIGN
The ( pto-mechanical system of the I" CC D HD1V camera
is de! igned to use lenses with a maximum aperture of f/l.2.
The ~ ystem consists of (from front to bad): seal glass. IR
filter retardation plate, shutter wheel, tw , 4 position filter
wheels (for effect and NO filters), bean-splitter, optical
low J ass filters and sensors. In the adapta: ion of the optical
syste n to the progressive format. in addil ,on to the sensors
only :he optical low pass filter was changl d.

Mod Jlation Transfer Function
The nodulation transfer function (MTF) of the camera is
deter nined by the lens. optical low-pass filter, aperture of
the i nage cell,:lnd the electrical sampL~-and-hold. The
MTF of the lens at f/4 is mainly diffracllon limited. The
MTF of the optical low pass filter is cmine shaped. The
apert Llre of the image cell and the sample and hold both have
sin(x )/x characteristics. Based on this ml del one expects a
MTF of 47% for a sine wave at 27 MHz,ersus a measured
value of 50% (Figure 4).

AIi81ing
A CeO-camera is a two-dimensional spadal sampler. The
king:, of fashion do not care about Nyquis nor does Nature!
Ther ~fore in eve:ryday life the Nyquist c 'ndilion - that the

The output buffers are fairly conventi mal three-stage
sourc ~-follower design. All three drive tJ.msistors are sur
face I :hannel, gi"ing high transconductar ce for low noise
operation. The bandwidth (>120 MHz) h high enough to
ensur ~ accurate signal transmission. Theayout of the two
buffe 'S was arranged to ensure they would match even with
layer to-layer misalignment during fabri:ation. The two
video output signals are combined in the vi leo pre-processor
using the delay line principle (DLP).

Meas Llred performance of the initial san pies of the CCD
sense r is summmlzed in Table 3.
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figure 6. Camera head video processing.

Figure 7. Video Processing CPU

- Vertical contours will look different -- the vertical con
tour generation in a 1080 line system is field based, with
the OT, IT and 2T lines 1/540 picture height apart. In a
720 line progressive system vertical contours are gener
ated from lines with a spacing of In20 picture height.
This results in a higher vertical peaking frequency for
vertical contours in a 720 progressive system.

- Horizontal contours will have a lower spatial frequency
peak in the 1280 x 720 progressive scan system. This
can be changed by shortening the delay lines in the con
tour processor, but there are practical limitations im
posed by the lower Nyquist frequency of the 1280 x 720
system,

BlPb

RlPr
C>c

!
I

VIDEO PROCESSING INCLUDING" :ONTOURS

Video processing in a progressive scan canera is not very
differe I1t from the processing in an interlal ed camera. The
proces ;ing of the LDK 9000 camera has a[ready been de
scribe. I in an earlier paper [1). It consists )f a part in the
camer<. head (Figure 6), and further proces .ing in the cam
era pre cessing unit (CPU) (Figure 7).

lmponant design 'Jbjectives for the LDK '000 video pro
cessinj: were:

- G: in control over full temperature rang ..

. Hi gh dynamic range.

. Hi :adroom before highlight compressi 'n of more than
14 dB.

.. Si ~nallNoise deterioration due to videl processing less
thal1 I dB.

Hi gh quality, reliability and operationa flexibility.

.. L( w power ccnsumption.

Opera"ion following the 1280 x 720 progressive standard
calls f, lr some spedfic adaptations as comp rred to the 1920
x 108( interlaced :;tandard:

Li le time is changed from 29.6 usec. tc 22.2 usec. This
calls for different line delays in the contJur delay unit.

.... Al tive line time is changed from 25.8 u~ec. to 17.2 usee.
Th:s calls for a more accurate timing il the video pro
ce: sing as timing errors will be mor, visible on the
dis play.



Figure 8. Multicore Transmission' Istem

CAMERA SYSTEM
The camera being presented is part of a complete system
configured for broadcast applications. The system. as mod
ified for the progressive standard. consists of the following
system components:

Camera head

7-inch view finder

Camera Processing Unit (CPU)

Multicore cable

Master Control Panel (MCP)

Operational Control Panel (OCP)

Lens

Accessories

The camera head has been designed as a compact. light
weight. modular unit (Figure 9). The camera features two
four-position filter wheels with three neutral density filters
and two special effect filters.

The 7-inch view finder can be mounted on a optional
specially-designed support above the camera. The support
is designed to accept the lightweight camera combination.
The camera. with an optional 1.5-inch view finder, can be

- It has to compensate (the frequency dependant) loss dif
ferences as caused by such things as temperature chang
es of the multicore cable and differences between the
individual coaxial lines.

Delay differences between the coaxial lines is kept small by
using high quality coax: maximum 1.5 ns between R, G,
and B video signals at 300 meter cable length.

7 INCH VIEW FINDER
The main challenge in adapting the view finder to the pro
gressive scan 1280 x 720 format was operating at much
higher line frequency (45 KHz) given limitations on power
dissipation and demands for high brightness and contrast. A
stable high voltage source is required to prevent "breathing"
at high beam currents and to secure high resolution
performance.

Although spatial frequencies are lower for 1280 x 720 than
for the 1920 x 1080 system (27 MHz bandwidth gives 780
TIL for 1920 x 1080 versus 520 TVL for 1280 x 720), fo
cus assist is still a valuable tool for the camera operator.
Apart from peaking in the view finder. the HDTV camera
system is provided with two focus assisting tools:

- Magnifier: Momentary activation of this function en
larges the center part of the image by approximately 1.6
times, filling the whole screen.

., Crawler: Small details in the picture are converted to a
more coarse structure. which gives edges and other fine
details a highly visible crawling pattern. Optimum focus
is obtained when this crawling serration reaches the
maximum intensity. It acts more or less like "peaking"
and can be used continuously.

~-- Power

;.--- VF video
~

l.--- TP video

I
~-- Intercomr- Intercom

r--- Intercom

~- HN Lock
}.-- Data

1--- A video
I

r--. Gvideo
! .;--.... B video

1---- Intercom

~- Intercom
f-. Audio

f- Audio
}-. Data

CPU

-- -------

VF vic leo .-f'c---- -<>----~-
LJ

A vic le0-1~-----

~ ~::::: :LJ~~==

CAMERA

Po'ver .-------- ------

Shield

n
Interc::>m -1 i

Int::~: ••~ ! _
ALdio - i

O:lta -- _I

TP vic leo '--ri
Interc::>m '-1
Interc::>m '--i
Interc::lm .-~

I

HN L)ck'--1
I

C:lta .-,

SIGNAL TRANSMISSIO'~

The c )nnection between camera and pr Icessing unit is
forme I by an interconnection system ofcaJle and electron
ics sp ecifically designed to maintain sil nal quality. A
multic ore cable can be used for short disllnCeS up to 300
meter:. For longer distances. the multicore cable can be ex
tende( with a fiher optic system. Four ctaxial cables are
requir ~d for the R. G. B and view finder vi, leo signals. The
remaining signals (figure 8) could be multiJllexed into a sin
gle bi'lirectional coaxial cable. or into tWI separate single
directional cables, This latter approach is I sed to achieve a
simple interface with an optical fiber. Adc 'itionally, power
wires are added. yielding a custom-mad, circular cross
sectio 1 multicore cable.

The eectronics provides automatic comlensation for all
multi(Ore cable lengths between 0 and 3()( meters. This is
realized by dividing the total compensatior into a fixed part
and an adaptive part. The fixed part can compensate any
cable ength within an increment of 12.5 IT The compensa
tion determined at power-up, by means of a successive
appro ~imation measurement. The adapti' e part, which is
indepe :ndent in each channel and continu, .usly active, has
two fl nctions:

- It has to compensate the last residual c2Jle length within
the: resolution of the fixed part.



Figure 9 Camera head

easily placed upon or taken out of this sUPl1ort, leaving the
SUppOlt and 7-incb view finder on the tripO\

The C:)U is a 19 inch rack mountable comp, ment which is 3
standa'd units high. The device is constru:ted using stan
dard E Jrocard PC boards and a rear connectJr panel with all
signal interconnection options commonly uied in broadcast
studio: .

The c( ntrol paneb follow the Series 9000 .:ontrol philoso
phy. III used with aU BTS standard TV cameras. The Master
Contr<l Panel gives access to most of the sei-up controls via
menus The Operational Control Panel (OCP) provides all
the ope. rational control functions of the HDTV camera. The
OCP is arranged with user-friendly dire :tly accessible
contro s.

The camera can be used with a wide rangl of lenses built
with internationally standardized interface s. The camera
presened is equipped with an II x II barrer-type lens from
Fujino 1. This heavier barrel-type zoom lens is supported by
standard film-style: accessories: a bridge plate underneath
the canera accep~ support rods. lens suppo 1S, matte boxes,
etc.
The m un camera .system characteristics art summarized in
Table'L Perfonnance specifications are sUI'trnarized in Ta
ble 5

For pic. ture evalualion during the developme nt period a Bar
co col)r monitor, Reference Calibrator ['lodel 121, was
used. .['his monitor is capable of displaying 1280 x 720 pro
gresshe signals without effecting picture quality. Noise
measu' 'ements were done on the Rohde & Schwarz VNA
(Vide( Noise AnlLlyzer). The Tektronix 730HD Wave
fonn n lonitor was used.

· An electronic white balance range from 2500K to
15000K.

· Highlight compression in automatic and manual
mode.

· Black stretch in Y and R.G.B.

.. Colorimetry according to EUREKAIEBU standard.

.. 2-Dimensional contours.

.. Electronic shutter with 5 and 2 msec exposure time.
Also 50 Hz and 60 Hz lighting positions are
available.

· Camera power consumption approximately 22 W.

Table 4. Main camera system characteristics

- Modulation Transfer Function of over 40% at 520
TVL (27 MHz) without contours.

.. Limiting horizontal resolution of 700 TVL.

. Sensitivity of 1200 Lux at F/4.

- SIN ratio of 50 dB at a bandwidth of 30 MHz.

- The max. lens aperture is F/1.2.

. Dimensions approx. 140 x 210 x 350 mm.

Table S. Camera system specifications



CONCLUSION

We re port here on the first CCD HDTV broadcast camera to
demO'lstrate the newly recommended 1280 x 720 progres
sive !tandard (750/60/1: 1). A frame-transfer CCD was
custom-designed, and a broadcast-quality Interlaced HDTV
camel a was modi fied to meet the progreSS) ve standard.

A pro totype caml~ra has been built and is demonstrated at
the 1~ 196 NAB Ex.hibition. This camera meets all specifi
catior s as present,~d in this paper, and meet, all goals toward
proving the feasibility of the 750-line pr'lgressive HDTV
stand'lfd.

The lDK 9000 system, with the 1250/50U:l standard, has
alreacy been in use for 4 years in Europe. During this time
these iystems have been used, to complete satisfaction, at a
wide variety of events. A modified syslem for the new
Amercan 1920 , 1080 production stand"rd (1125/60/2:1)
was l sed for the production of test mat:rial by the Ad
vanced Television Test Center. It is antcipated that this
prove 1 record of reliability and success \ ill carry over to
the pr :>gressive s(:an camera.

This project repn:sents a successful embodiment of collab
oration between industry, university, and r.:search laborato
ry to iccomplish more in a shorter periodJf time than any
one c,mld do alor.e
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lion. Reed E. Hundt, Chairm8.Jl
]~ederal O:>mmunications Commission
.919 M. St.

''Nashington DC 20554

]:>ear Chairman Hundt:

,\.t our ml~ting last week, you asked whether the compression that is used in transmitting a
:nultiplicity of standard-definition programs in a single 6-MHz channel is affected by whether
'he video signals are in interla!::ed or progressive-scan format.

,:;everal of my former studenu, have started a small company in San Francisco (!media Corp.•
~25 Market St, Suite 2850 SF CA 94105) to develop compression technology for video appli

,;ations such as Near Video ,m Demand (NVOD), At the recent NAB show, they demon
.trated a system for transmitting 24 normal-definition programs in a single 6-MHz channel
/Vith very good quality. The':ystem is MPEG-2 compliant. This is the highest compression
'atio I have heard about.

The question has arisen as to the effect that the use of progressive scan or interlace has on the
ittainable compression ratio. I contacted Dr. Ed Krause (edk@imedia.com) and he replied as
~ollows:

-\chievement of 24: 1 compression depends on the original NfSC programs having been pro
iuced on 24-fps film, as is very common in commercials and prime- time programming. As a
first step, the !media system reassembles the 24 original film frames from the 30 NTSC inter
laced frarl1es each second. nle recovered "film" image sequence is then coded as a progres
sively S~'LlU1ed signal, the interlaced NTSC video being recreated in the receiver set-top box
using the 3:2 pulldown method for display on conventional receivers. Thus, the system
:iemonstrllted at NAB was progressive scan.

[n the ~:e of most interlaced NTSC video shot on TV cameras, they achieve substantially the
same quality with,20 different programs in one channel, and in the case of fast-action sports
shot on nn NTSC video" camera, 15 different programs can be transmitted in one channel.
The conclusion is that it d~ not take any more channel capacity to transmit the progressive
material ithan to transmit the interlaced material. Depending on how one interprets [media's
results, progressive transmisson is at least as good as interlace for compression, and perhaps
better

Pha 1e: 617-253·2579 FAX: 617-253-7302 E-mail: wfs@image.mit.edu



Dr. Krause and his associates were key people in the development of the GI all-digital HDTV
system. I have no financial interest in Imedia, although I do have a strong personal interest in
the succ:ess of my former s'iudents. I am serving as a consultant to the company, helping to
secure its intellectual proper· y.

Very truly yours,

Cc:
Commr, James H. Quello
Commr. Andrew C. Barrett
Commr. Rachelle B. Chong
Commr. Susan Ness
Hon. Edward J. Markey
Mr. Richard K. Wiley
Mr. Larry Irving
Dr. Robert Pepper, FCC
Other bterested parties
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THE POLAROID PROGRESSIVE-SCAN HDTV CAMERA:
Implications for the digital broadcasting standard

MM Docket 87-268
Dear Mr. Chairman:

l)n March 11, I wrote to you about the importance of not including an interlaced fonnat in
the digital broadcasting standard due to be issued. Since then, a progressive-scan HDTV cam
c:ra has been shown by PolaroId at the NAB Convention, where it won the "Editors' Pick-of
1he-Show" award. Further demonstrations are being given in Cambridge. This camera,
developed in the USA, in part with funds from ARPA, fully meets all the requirements for the
"20xI280 Grand Alliance fom;at. It has full resolution together with very high sensitivity and
~ ignal-to-noise ratio,

. lle uniqt:.e feature of this camera is the photosensitive CCD chip, developed by Polaroid.
•lle chip has been placed in a modified Philips/BTS camera. It is a production-quality camera,
IiOt a prototype. As such, it i~ ready for delivery. Polaroid has indicated its intention of sel
lmg the camera at prices slightly below that of the interlaced HDTV cameras now available
f rom Japanese and European rrl anufacturers.

r lle importance of this camera cannot be overstated. Many of those pushing an interlaced
]IDTV standard have said that a full-quality progressive-scan camera was impossible to build
~ t present, and that we therefore must include an interlaced format in the coming standard. I
I tointed out in my previous communication that, if we permit interlaced transmission, we shall
I,robably never be able to make the transition to progressive scan, with its higher spectrum
( fficiency, superior rendition ~If detail and motion, easier transcoding to other formats, and
( nhanced eomputer-friendlinesl

j "he last r,~maining argument jor including an interlaced format in digital television has now
l'een removed. I urge you anti the other Commission members, in serting the new broadcast
i'1g standard, to include only p"ogressive transmission formats.

Phare 617-253';:579 FAX: 617·2';3·7.,02 E-mail: wfs@image.miu:du



My opinion is that, if the Polaroid camera had been available for the ATIC tests, either the
AT&T/Zenith system or the lMIT/GI system, both of which used 72Ox1280 progressive, would
easily ha,ve won the competition. In that case, the possibility of using the archaic interlace
scheme in the US ATV standard would never have arisen.

Very truly yours,

Cc:
Commr.J~~H.Quello

Commr. Andrew C. Barrett
Commr. Rachelle B. Chong
Commr. Susan N~s
Hon. Bd~lV'ard J. Markey
Mr. Richard K. Wiley
Mr. Larry Irving
Dr. Robert Pepper, FCC
Other interested parties


